The most common approach to analyzing the static morphology of mitochondria involves staining by antibodies or fluorescent dyes specific for mitochondrial components. In this study, we present a new approach using transgenic (Tg) mice, mtGFP-Tg mice, which exclusively express EGFP in the mitochondrial matrix. This Tg strain enables the rapid and easy observation of mitochondria in many kinds of tissues of interest. Recently, many reports have indicated that mitochondrial abnormalities and disease phenotypes are closely associated. mtGFP-Tg mice will be very useful in demonstrating this association, via the use of hybrids of mtGFP-Tg mice and well-established model mice for human diseases. Mitochondria play several roles essential for cellular functions, e.g., energy production and signal transduction, and serious diseases can therefore result from deleterious mutations occurring in the mitochondrial genome [14, 16] . Mitochondrial morphological abnormality has frequently been observed in disease conditions, and several genes controlling mitochondrial dynamics are known to be responsible for neuromuscular degenerative diseases. Therefore, mitochondrial functions are believed to be directly and tightly related to their morphology [3, 10] . The widely accepted mitochondrial morphology is a bean-shaped form, based on electron microscopy images. However, mitochondria drastically and frequently alter their morphology, repeating dynamic actions such as fusion, fission [15] and transportation [4] in vivo. These morphological changes are thought to be an important part of mitochondrial quality control [13] , including mitochondrial complementation [7] . Therefore, the analysis of mitochondrial morphology provides important information, and several procedures for mitochondrial imaging have been proposed and used.
Mitochondria play several roles essential for cellular functions, e.g., energy production and signal transduction, and serious diseases can therefore result from deleterious mutations occurring in the mitochondrial genome [14, 16] . Mitochondrial morphological abnormality has frequently been observed in disease conditions, and several genes controlling mitochondrial dynamics are known to be responsible for neuromuscular degenerative diseases. Therefore, mitochondrial functions are believed to be directly and tightly related to their morphology [3, 10] . The widely accepted mitochondrial morphology is a bean-shaped form, based on electron microscopy images. However, mitochondria drastically and frequently alter their morphology, repeating dynamic actions such as fusion, fission [15] and transportation [4] in vivo. These morphological changes are thought to be an important part of mitochondrial quality control [13] , including mitochondrial complementation [7] . Therefore, the analysis of mitochondrial morphology provides important information, and several procedures for mitochondrial imaging have been proposed and used.
Electron microscopy (EM) and immunoelectron microscopy (IEM) have been widely used to observe mitochondrial morphology and molecular compartmentalization in mitochondria, because only EM is suitable for observing sub-organelle structures. However, there are disadvantages to using EM to observe mitochondrial networks, because EM magnification is not always suitable for observing whole mitochondria or mitochon--Note-drial networks in the cell. Alternative techniques, such as staining with antibodies and/or mitochondria-specific fluorescent dyes, have been developed to observe entire mitochondrial images at the optical microscopic level. However, these techniques also have drawbacks: 1) the techniques require many experimental steps involving complicated, specialized and time-consuming procedures; and 2) ambiguous results, resulting from non-specific immunoreactions or bleaching of the dye, are sometimes observed.
Here we describe a method using a combination of a confocal microscopy and a transgenic mouse strain C57BL/6J-Tg(CAG-Cox8/EGFP)49Rin (common name, mtGFP-Tg), by which mitochondrial morphology can be easily observed as a clear-cut image without any staining procedures. We previously established a transgenic mouse strain in which the mitochondria are labeled with enhanced green fluorescent protein (EGFP) [11, 12] . This strain is available from RIKEN BRC (RBRC02250), Japan. In this strain, as in green mice [9] , EGFP cDNA is driven by the CAG promoter, which is known as a strong and ubiquitous expression system [8] , and we expected that mitochondria with EGFP fluorescence would be observed in any tissue of interest of mtGFP-Tg mice. Based on the results of co-localization imaging between EGFP and MitoTracker red (Invitrogen), a staining dye specific for mitochondria, EGFP was shown to be exclusively localized in the mitochondria [12] . To prepare tissue sections, mice were perfused with 50 ml of 4% paraformaldehyde dissolved in PBS (PFA/PBS). Then, the tissues were removed and fixed further in 4% PFA/PBS overnight at 4°C. The fixed tissues were introduced into 15% sucrose dissolved in PBS (sucrose/ PBS) for over 4 h and then into 30% sucrose/PBS for over 4 h at 4°C. The tissue samples were embedded in Tissue-Tek O.C.T. Compound (Sakura Finetek, Japan) and were frozen in liquid nitrogen. Tissue sections were prepared with a cryostat (Leica) with thicknesses of 10-18 µm. The well-dried cryosections were washed with PBS and mounted with SlowFade Gold antifade reagent with 4',6-diamidino-2-phenylindole (DAPI) (Invitrogen). The samples were observed under a confocal laser scanning microscope (LSM510, Zeiss) equipped with Plan Apo 100× objective. The fluorescence activities of DAPI and EGFP were excited with 405 and 488 nm laser lines, respectively. Fluorescence from DAPI were collected with a longpass filter (LP420) or a bandpass filter (BP420-480), and fluorescence from EGFP were collected with a bandpass filter (BP505-550). Images were analyzed with LSM510 system (Zeiss). All animal experiments were approved by the Institutional Animal Experiment Committee of the Tokyo Metropolitan Institute of Medical Science.
Mitochondria were visualized in the cerebellum, heart, tibialis anterior (TA) muscle, stomach, kidney, pancreas, and liver tissues (Fig. 1) , and differences in the fluorescence intensity of the mitochondria was observed among the tissues. In granule cells and Purkinje cells of the cerebellum, mitochondria were visualized as dotted and elongated (Fig. 1A) . Fluorescence in the wild-type cerebellum was not observed using the same imaging settings (Fig. 1B) ; that is, autofluorescence was not detected. In cardiac muscle fibers, numerous large mitochondria were observed to localize in a line along the myofibrils, it is thought this occurs because the heart has high energy requirements, and the EGFP signals were interrupted at the intercalated disks (Figs. 1C and 1D ). In skeletal (TA) muscle, localization of smaller mitochondria along the myofibrils was observed (Fig. 1E) . In some tissues, mitochondrial sizes varied greatly among the different cell types. In stomach tissue, the mitochondrial size in surface mucus cells was smaller than that in gastric parietal cells (Figs. 1F and 1G) . In kidney tissue, the mitochondrial morphology was very different between the convoluted tubules and glomus; that is, larger mitochondria were observed in cells of convoluted tubules whereas smaller mitochondria were observed in cells of the glomus (Fig. 1H) . In particular, the length of the mitochondria in the cells of convoluted tubules was longer (up to 4.47 µm in this study), and their diameter was 0.434 µm (SD=0.099, Min=0.30, Max=0.60, n=18). Pancreas tissue exhibited mitochondria of the largest size. The mitochondria in acinar cells were much larger than those in islet cells (Fig. 1I) , and there was one case in which the width of a mitochondrion was 3.91 µm (Fig. 2C) . There are many secretion granules in acinar cells, suggesting that the mitochondrial morphology might contribute to the cellular function. These observations were mostly consistent with previous observations [6] . We also took 3D images to analyze mitochondrial morphology in detail, and large differences in mitochondrial size, morphology, density, and distribution pattern were observed among liver and pancreas tissues. In liver cells, granulous or shorter, "squiggly" mitochondria were observed with a high density ( Fig. 2A) , and they were localized uniformly throughout the whole cell (Fig.  2B) . In pancreatic acinar cells, many large granular mitochondria were visualized (Fig. 2C) . Their density was lower than in hepatocytes, but uniform localization of mitochondria was also observed in the acinar cells, as in the liver cells (Fig. 2D ).
From the observations described above, it is evident that we can easily analyze mitochondrial morphology in several tissues without complicated procedures. However, it should be noted that several important points should be taken into consideration when using mtGFPTg mice. The EGFP expression level was different among cells even in the same tissue, e.g., some liver cells showed strong fluorescent signals whereas others showed no signal at all (Figs. 1J and 1K) . This difference in the EGFP intensity in mitochondria may be due to differ- ences in EGFP expression among liver cells. This variation in cellular expression is a drawback to the use of mtGFP-Tg mice. mtGFP-Tg mice provide a useful and promising alternative model for performing mitochondrial morphological analysis, because no time-consuming or specialized experimental procedures are needed, like in conventional methods such as immunohistochemistry or vital staining of mitochondria. Moreover, using a timelapse image acquisition method, mitochondrial dynamics could be observed in primary cultured cells derived from mtGFP-Tg. Recently, many model mice for human diseases associated with mitochondria have been established, [1, 2, 5] . Therefore, the global imaging method we have described should make it very easy to investigate the relationship between the morphological abnormalities of mitochondria and disease phenotypes, because the disease model mice and our mtGFP-Tg mice can be crossed. mtGFP-Tg mice should provide a useful tool for analyzing mitochondria in many fields because mitochondria have many important biological functions.
